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(g) Telephone having a speech band limiting function. 

@ A telephone which includes a speech band 
switching circuit (16) selectively providing re- 
ceived speech with one of a plurality of fre- 
quency characteristics has a sensing circuit 
which senses the level of noise around the 
telephone, and a speech band control circuit 
(18) which compares the noise level sensed by 
the sensing circuit with a predetermined level 
and controls the speech band switching circuit 
on the basis of the result of comparison. When 
the noise level Is higher than the predetermined 
level, the control circuit sends a control signal 
to the switching circuit In response, the switch- 
ing circuit selects a high-pass filter (161H) in 
place of a tow- pass filter (161 L). As a result, 
received speech is more easy to hear, despite 
noise surrounding the telephone, because the 
low frequency range is filtered out 
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The present invention relates to a telephone ca- 
pable of limiting the band-width of a received speech 
signal and, more particularly, though not exclusively, 
to a mobile telephone capable of making received 
speech more easy to hear, even in a noisy environ- s 
ment 

It has been customary to include, in a receiver cir- 
cuit for a telephone, a filter for limiting the bandwidth 
of a received speech signal. The filter limits the re- 
ceived speech signal to a predetermined frequency 10 
band and thereby makes the speech more easy to 
hear. Specifically, the telephone has a casing and a 
transmitter (microphone) and a receiver (speaker) 
mounted on the casing. A radio section demodulates 
a signal received by an antenna. The filter mentioned is 
above controls the frequency band of the output of 
the radio section. The radio section and the filter are 
connected to the receiver. In this configuration, the 
demodulated signal from the radio section has its fre- 
quency band limited by the filter, so that a speech sig- 20 
nal is output from the receiver within the limited fre- 
quency band. Usually, the filter is of the kind which fil- 
ters out a low frequency component in order to make 
received speech more easy to hear. 

Various approaches have recently been pro- 25 
posed to improve the quality of speech received on a 
telephone. One of them is to provide a filter with a 
characteristic which enhances a low frequency com- 
ponent, by filtering out a high frequency component 
Specifically, when a high frequency component is en- 30 
hanced to promote more easy hearing, received 
speech sounds metallic and annoys the user of the 
telephone. In contrast, a filter of the kind filtering out 
a high frequency component allows received speech 
to sound soft, thereby Improving the speech quality. 35 
Another approach is to allow the user to adjust the fre- 
quency of received speech on the telephone, to im- 
prove the ease of hearing, as taught in Japanese Pa- 
tent Laid-Open Publication No. 1-123554 ( document 
1), by way of example. 40 

However, a telephone with any of the convention- 
al implementations for improving speech quality has 
the following problem. Assume that the telephone is 
used in a noisy urban environment outside of a build- 
ing. Then, because the city noises, which are distrib- 45 
uted generally, include a low frequency component, 
they are superposed on a speech signal whose fre- 
quency is limited to a low frequency component The 
resulting speech output from the receiver is extremely 
hard to hear. For this reason, it has been customary, 50 
in consideration of operation in noisy environments, 
to limit received speech to a high frequency band, so 
as to promote more easy hearing, rather than to im- 
prove the quality, of the speech. 

The telephone proposed in the above mentioned 55 
document 1 promotes more easy hearing, because it 
allows the frequency characteristic of received 
speech to be adjusted in matching relation to the en- 



vironment However, the adjustment has to be made 
manually and. therefore, the user is forced to manip- 
ulate the telephone while conversing with the other 
party. Moreover, it is likely with such a manual control 
that noise drowns out speech for a moment, due to in- 
adequate adjustment, and shuts off communication 
for that moment 

Features of a mobile telephone to be described 
below as an example are that it is capable of improv- 
ing the quality of received speech and, in addition, of 
making it more easy to listen to the speech, even in a 
noisy urban environment 

In one arrangement these features result from 
automatically changing the frequency band of the 
speech in matching relation to the noise level. 

It is possible in a particular arrangement of a mo- 
bile telephone for an easy-to-hear condition to be at- 
tained adjustably at all times, without resorting to 
manual operation. 

In a particular arrangement to be described be- 
low, a speech band switching circuit of a telephone 
selectively provides received speech with one of a 
plurality of frequency characteristics. A sensing cir- 
cuit senses a noise level. A speech band control cir- 
cuit compares the noise level sensed by the sensing 
circuit with a predetermined level, and controls the 
speech band switching circuit on the basis of the re- 
sult of the comparison. 

The speech band switching circuit may include a 
plurality of band-pass filters, each providing received 
speech with a particular frequency characteristic, and 
selectors for selecting one of the band-pass filters at 
a time. The sensing circuit may include a microphone 
mounted on the casing of the telephone for sensing 
the noise around the telephone. 

A telephone having the above construction can 
automatically select the high frequency component or 
the low frequency component of received speech on 
the basis of the surrounding noise level. When the 
noise level is high, the telephone ensures that com- 
munication is possible by promoting ease of hearing, 
while sacrificing speech quality. For example, in a 
high noise level environment the telephone selects 
the high-pass filter to filter out a low frequency com- 
ponent thereby rendering the received speech more 
easy to hear. In a low noise level environment, the tel- 
ephone selects the low-pass filter so as to filter out 
high frequency component and thereby causes the 
received speech to sound more soft i.e. it improves 
the speech quality. Further, the telephone of an ar- 
rangement to be described determines whether or not 
the sound input to a transmitter is voice or noise, on 
the basis of the level of the sound, and selectively en- 
ables or disables the control circuit The transmitter, 
therefore, plays the role of a noise detector at the 
same time. 

The following description and drawings disclose, 
by means of examples, the invention which is charac- 
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tensed in the appended claims, whose terms deter- 
mine the extent of the protection conferred hereby, 
in the drawings:- 

Fig. 1 is a block schematic diagram showing an 
essential part of a mobile telephone incorporating 5 
one embodiment of the present invention; and 
Fig. 2 is a block schematic diagram showing an 
essential part of an alternative embodiment of 
the present Invention. 

Referring to Fig. 1 of the drawings, a telephone, 10 
which is portable, is shown by way of example. The 
figure shows only a part of the telephone which is rel- 
evant to an understanding of the present invention. As 
shown, the telephone has a casing 11 on which a 
transmitter or microphone 12 and a receiver, or is 
speaker, 13 are mounted. An antenna 14 is connected 
to a radio section 15 which is, in turn, connected to 
the receiver 13 via a speech band switching circuit 16. 
A signal received via the antenna 14 is demodulated 
by the radio section 1 5 a nd then applied to the speech zo 
band switching circuit 16. The switching circuit 16 
switches the frequency band characteristic of the de- 
modulated signal. As a result, the receiver 13 outputs 
received voice signals in the speech band selected by 
the switching circuit 1 6. 25 

The speech band switching circuit 16 has a plur- 
ality of band-pass filters 161 connected in parallel, 
and selectors 162 and 163 respectively connected to 
the inputs and the outputs of the filters 161. The se- 
lectors 162 and 163 select one of the filters 161 at a 30 
time and connect it to the radio section 1 5 and the re- 
ceiver 13. In the illustrative embodiment, the filters 
161 are implemented as a high-pass filter (HPF) 
1 61 H and a low-pass filter (LPF) 1 61 L for limiting the 
speech frequency to a high frequency band and a low 35 
frequency band, respectively. When the HPF 161H is 
selected, the high frequency components of the sig- 
nal from the radio section 15 are passed through the 
HPF 161H and output as a speech signal via the re- 
ceiver 13. The resulting voice output, having the high 40 
frequency component thereof enhanced, Is more 
easy to hear. Conversely, when the LPF 161 L is se- 
lected, the low frequency component of the speech 
signal is enhanced to improve the speech quality. The 
HPF 161H and LPF 1 61 L may be implemented by fit- 45 
ters customarily included in the tone control circuit of 
audio equipment 

The selectors 162 and 163 are switched by a con- 
trol signal fed from a speech band control circuit 18 
which will be described later. The selectors 162 and so 
1 63 may be implemented by mechanical or electrical 
switches. In the illustrative embodiment, the selec- 
tors 162 and 163 select the HPF 1 61 H when a digital 
control signal goes low or select the LPF 1 61 L when 
it goes high. 55 

A microphone 17 is mounted on the rear of the 
casing 11 in order to sense the level of noise around 
the telephone. The microphone, or noise sense micro- 
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phone, 17 is connected to the speech band control 
circuit 18 which generates the above-mentioned con- 
trol signal. The speech band control circuit 218 is 
made up of an adder 181, a mean unit 182, a store 
183, and a comparator 184. The adder 181 adds con- 
secutive noise signal levels sequentially sensed by 
the microphone 17. The mean unit 182 divides the 
output of the adder 1 81 , i.e. the sum of the noise sig- 
nal levels, by time to produce a mean noise signal lev- 
el. The store 183 stores a predetermined reference 
noise signal level. The comparator 184 compares the 
mean noise signal level with the reference noise sig- 
nal level stored in the store 183. When the mean level 
is higher than the reference level, the comparator 184 
causes the digital control signal coupled to the selec- 
tors 162 and 163 to go low. When the former is lower 
than the latter, the comparator 1 84 causes the control 
signal to go high. 

Specifically, the microphone 17 is made up of a 
microphone and a sampling circuit for sampling the 
output of the microphone, although not shown in the 
figure. The sampling circuit may be separately provid- 
ed. The adder 181 sequentially adds the noise signal 
levels sampled by the sampling circuit The mean unit 
1 82 divides the sum of the noise signal levels by the 
number of times of sampling, so as to produce a mean 
noise signal level. 

The reference noise signal level stored In the 
store 1 83 corresponds to a noise level in urban areas 
which would make the received speech hard to hear 
if the speech were passed through the LPF 161 L. 
When the mean noise signal level is higher than the 
reference level, the speech band control circuit 18 de- 
termines that the noise around the telephone is too 
loud for the received speech to be heard if it is passed 
through the LPF 161 L ( thereby causing the control 
signal to go low. Conversely, when the former is lower 
than the latter, the circuit 1 8 determines that the noise 
is low enough for the received speech to be heard 
even if it is passed through the LPF 1 61 L As a result, 
the circuit 18 causes the control signal to go high. 

When the control signal from the speech band 
control circuit 18 goes low, the selectors 162 and 163 
select the HPF 161H. In this condition, the HPF 161 H 
filters out the low frequency component of the signal 
coming in from the radio section 15 via the selector 
162. The resulting voice from the receiver 13 is easy 
to hear despite the surrounding noise, although the 
quality is not improved. On the other hand, when the 
control signal goes high, the selectors 162 and 163 
select the LPF 1 6 1 L. The LPF 1 6 1 L filters out the high 
frequency component of the incoming signal. Hence, 
the voice from the receiver 13 sounds soft, i.e.. the 
quality is improved. Such a voice Is more easily 
heard, because the surrounding noise level is low. 

As stated above, the illustrative embodiment au- 
tomatically selects the high frequency component or 
the low frequency component, depending on the level 
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of noise around the telephone. Specifically, when the 
noise is loud, the received speech signal is made 
easy to hear for better communication, although the 
speech quality Is not improved. When the noise is not 
so loud, the speech quality is improved for more easy 
communication. This makes it needless for the user 
to adjust the frequency characteristic of received 
speech by hand. The telephone is, therefore, easy 
and convenient to operate and obviates the momen- 
tary interruption of communication due to any inade- 
quate operation. 

The microphone 17 is provided on the rear of the 
casing 11, i.e. on the opposite side to the transmitter 
1 2. Hence, the voice of the user, speaking on the tel- 
ephone, is substantially prevented from being input to 
the microphone 17 as noise. Preferably, the micro- 
phone 17 should be located at a position remote from 
the transmitter 12, e.g. at the rear of the receiver 13. 

Assume that the transmitter and receiver are im- 
plemented as a hands-free adapter separate from a 
telephone casing. Then, the microphone 17 mounted 
on the casing will be sufficiently spaced apart from 
the transmitter and receiver and unlikely to be sus- 
ceptible to the user's voice. 

Generally, how easily a received voice can be 
hearddepends on the person. In the light of this, a lev- 
el adjuster may be connected between the store 183 
and the comparator 184. Then, the user can adjust 
the reference noise signal level to be input to the com- 
parator 184 beforehand, in matching relation to the 
auditory level particular to the user. In response, the 
telephone selects either the high frequency compo- 
nent or the low frequency component of the received 
speech signal by using the adjusted reference or 
threshold level, so that communication can be made 
under a condition matching the user's auditory level. 
Further, the speech band switching section 1 6 may be 
constructed such that the user can adjust the pass 
bands of the HPF 161H and LPF 161L to the user's 
taste. 

Referring to Fig. 2, an alternative embodiment of 
the present invention will be described. Fig. 2, like 
Fig. 1, shows only part of the telephone relevant to the 
understanding of the present invention. Briefly, the al- 
ternative embodiment assigns the function of the mi- 
crophone 17, Fig. 1, to a transmitter. As shown, the 
telephone has a casing 21, and a transmitter 22 and 
a receiver 23 mounted on the casing 21. An antenna 
is connected to a radio section 25 which is, in turn, 
connected to the receiver 23 via a speech band 
switching circuit 26. A signal received via the antenna 
24 and demodulated by the radio section 25 is applied 
to the speech band switching circuit 26. In response, 
the switching circuit 26 selects either the high fre- 
quency component or the low frequency component 
of the speech signal, as in the previous embodiment. 

Specifically, the speech band switching circuit 26 
has a plurality of parallel band-pass filters 26a con- 



nected to selectors 262 and 263 at opposite ends 
thereof. The selectors 262 and 263 select one of the 
filters 261 and connect it to the radio section 25 and 
the receiver 23. The filters 261 are implemented as 
5 an HPF 261 H and an LPF 261 L. When the selectors 
262 and 263 select the HPF 261 H. the HPF 261H en- 
hances the high frequency component of the output 
of the radio section 25. As a result, a voice which is 
easy to hear is output from the receiver 23. When the 
10 selectors 262 and 263 select the LPF 261 1_ the low 
frequency component of the output of the radio sec- 
tion 25 is enhanced to improve the speech quality. 

A speech band control circuit 28 delivers a digital 
control signal to the selectors 262 and 263. The se- 
is lectors 262 and 263 select the HPF 261 H when the 
control signal goes low, or select the LPF 261 L when 
it goes high. 

The speech band control circuit 28, similar to the 
circuit 18 of Fig. 1, and a voice detecting circuit 27 are 
20 connected to the transmitter 22. The voice detecting 
circuit 27 determines whether or not the user's voice 
has been input to the transmitter 22. The speech 
band control circuit 28 generates the above- 
mentioned control signal for operating the speech 
25 band switching circuit 26. A sampling circuit 29 sam- 
ples noise signal levels sequentially detected at the 
transmitter 22. The speech band control circuit 28 
has an adder 281, a mean unit 282, a store 283, and 
a comparator 284. The adder 281 adds the consecu- 
30 tive outputs of the sampling circuit 29. The mean unit 
282 divides the sum of the noise signal levels by time 
to produce a mean nojse signal level. The comparator 
284 compares the mean noise signal level with a pre- 
determined reference noise signal level stored in the 
35 store 283. The comparator 284 generates the control 
signal, which goes low if the mean signal level is high- 
er than the reference signal level, or goes high if the 
former is lower than the latter. 

The voice detecting circuit 27 has a sound dis- 
40 criminator271 for determining the level of sound input 
to the transmitter 22, a store 272 storing a predeter- 
mined signal level, and a comparator 273 for compar- 
ing the detected sound level with the stored or refer- 
ence signal level. When the sound level input to the 
45 transmitter is higher than the reference signal level, 
the circuit 27 determines that the user's voice has 
been input to the transmitter 22. If the former is lower 
than the latter, the circuit 27 determines that noise 
has been input to the transmitter 22. Because a voice 
so has a particular spectrum, while noise has a flatspec- 
trum, the voice detecting circuit 27 may be imple- 
mented as a circuit capable of discriminating voice 
and noise on the basts of a spectrum. Such an alter- 
native circuit is well known in the speech recognition, 
55 synthesis and analysis art and will not be described 
specifically. 

The output of the voice detecting circuit 27, indi- 
cating whether the input sound is voice or noise, isap- 
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plied to a disabling circuit 285 in the speech band con- 
trol circuit 28. The disabling circuit 285 may include a 
switch responsive to the output of the voice detecting 
circuit 27 for preventing the comparator 284 from sup- 
plying the control signal, and a holding circuit for hold- 5 
ing the control signal when the supply of the control 
signal has been stopped. The output of the voice de- 
tecting circuit 27 thus disables the control circuit 28 
when the input sound is voice, or enables it when the 
sound is noise. When the control circuit 28 is disabled 1 o 
by the output of the voice detecting circuit 27. the 
speech band switching circuit 26 continuously selects 
one of the HPF 261 H and LPF 261 L which it has se- 
lected immediately before. At this instant, which of the 
HPF 261 H and LPF 261 L is selected matters little, be- 15 
cause no voice is usually output from the receiver 23 
when a voice is input to the transmitter 22. When the 
control circuit 28 Is enabled, meaning that noise 
around the telephone is input to the transmitter 22, 
the control circuit 28 controls the speech band switch- 20 
ing circuit 26 in the same manner as in the previous 
embodiment Specifically, the switching circuit 26 au- 
tomatically selects the HPF 261 H when the noise is 
loud or selects the LPF 261 L if otherwise. 

As stated above, this embodiment also automat- 25 
Ically selects the high frequency component or the 
low frequency component, depending on the level of 
noise around the telephone. Specifically, when the 
noise is loud, the received speech signal is made 
easy to hear for better communication, although the 30 
speech quality is not improved. When the noise is not 
so loud, the speech quality is improved for more easy 
communication. This makes it needless for the user 
to adjust the frequency characteristic of the received 
voice by hand. The telephone is, therefore, easy and 35 
convenient to operate and obviates the momentary 
interruption of communication due to inadequate op- 
eration of the control. In addition, because the trans- 
mitter 22 plays the role of a noise microphone at the 
same time, K is not necessary to add a microphone 40 
to an existing telephone. The telephone may there- 
fore be miniature and light weight This embodiment, 
like the previous embodiment. Is practicable even 
with a telephone having a hands-free adapter. 

In summary, it will be seen that the arrangements 45 
described provide a telephone capable of sensing the 
level of noise around it, comparing it with a predeter- 
mined signal level, and switching the frequency char- 
acteristic of received speech on the basis of the noise 
level. Therefore, the telephone can automatically se- so 
lect the high frequency component or the low fre- 
quency component of received speech on the basis of 
the noise level. When the noise level is high, the tel- 
ephone ensures better communication by promoting 
ease of hearing while sacrificing speech quality. 55 
When the noise level Is low, the telephone ensures 
easy communication by improving speech quality. 
More specif ically, in a high noise level environment. 
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the telephone selects a high-pass filter to filter out a 
low frequency component thereby rendering re- 
ceived speech easy to hear. In a low noise level en- 
vironment, the telephone selects a low-pass filter so 
as to filter out a high frequency component and there- 
by causes received speech to sound soft i-e. it im- 
proves the speech quality. This makes it needless for 
the user to adjust the frequency characteristic of the 
received speech by hand. As a result the telephone 
is easy and convenient to operate and is free from the 
momentary shut-off of reception due to any errone- 
ous operation. 

Further, the telephone which has been described 
above determines whether or not sound input to a 
transmitter is voice or noise on the basis of the level 
of the sound, and selectively enables or disables a 
speech band control circuit The transmitter, there- 
fore, plays the role of a noise microphone at the same 
time and makes it needless to add an extra micro- 
phone to the telephone. This also reduces the size 
and weight of the telephone. 

It will be understood that although particular em- 
bodiments have been described, by way of example, 
variations and modifications thereof, as well as other 
embodiments, may be made within the scope of the 
protection sought, as defined by the appended 
claims. 



Claims 

1. A telephone including a speech band switching 
circuit (16,26) for selectively providing received 
speech with one of a plurality of frequency char- 
acteristics, a sensor (17,27) for sensing a noise 
level, and a control circuit (18,28) for comparing 
the noise level sensed by the sensor (17,27) with 
a predetermined signal level, and for controlling 
the speech band switching circuit (16.26) on the 
basis of the result of the comparison. 

2. A telephone including a plurality of band-pass fil- 
ters (161L, 161H) each providing a receive 
speech signal with a particular frequency charac- 
teristic, selectors (162,163) for selecting one of 
the plurality of band-pass filters at a time, a mi- 
crophone (17) mounted on a casing (11) of the tel- 
ephone for sensing noise around the telephone, 
a store (1 83) storing a predetermined signal level, 
and a comparator (1 84) for comparing a noise lev- 
el sensed by the microphone (17) with the signal 
level stored in the store (183), wherein the selec- 
tors (162,163) are operated by an output of the 
comparator (184). 

3. A telephone including a plurality of band-pass fil- 
ters (261L.261H) each for providing a received 
speech signal with a particular frequency charac- 
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teristic, selectors (262,263) for selecting one of 
the plurality of band-pass filters (26 1 L261 H)at a 
time, a voice detecting circuit (27) for determin- 
ing, based on a sound level input to a transmitter 
(22) of the telephone, whether or not a speech s 
signal to be transmitted has been input to the 
transmitter (22), a store (283) storing a predeter- 
mined signal level, and a comparator for compar- 
ing the level of the sound input to the transmitter 
(22), and containing noise, with the signal level 10 
stored in the store (283), wherein the selectors 
(262,263) are operated according to an output of 
the voice detecting circuit (27) and an output of 
the comparator (284). 

15 

4. A telephone as claimed in claim 1, wherein the 
speech band switching circuit (26) includes a 
high-pass filter (161 H), a low-pass filer (161 L), 
and selectors (162,163) for selecting one of the 
high-pass filter (161H) and the low-pas filter 20 
(161 L), and wherein the selectors (162,163) se- 
lect the high-pass filter (161H) when the noise 
level is higher than the predetermined signal lev- 
el, and select the low-pass filter (161 L) when the 
noise level is lower than the predetermined signal 25 
level. 

5. A telephone as claimed in claim 1, wherein the 
control circuit (18) includes an adder (181) for 
adding noise signal levels sequentially sensed by 
the sensor (1 7), a mean unit (182) for dividing the 
sum of the noise signal levels by time to produce 
a mean value, and a comparator (184) for com- 
paring the mean value with the predetermined 
signal level. 

6. A telephone as claimed in any one of the preced- 
ing claims which is a mobile telephone. 

40 



30 



35 



55 



EP 0 674 415 A1 





8 



EP 0 674 415 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



AppNcatUa NubW 



DOCUMENTS CONSIDERED TO BE RELEVANT 



EP 95302011.2 



Category 



Otatioe «f dtciinurt wrfch Intfcatioa* wbere appropriate. 



Umiaks' 



CLASSIFICATION OF THE 
APPLICATION qt. Q. 6) 



WO - A - 93/06 679 
(MITEL) 

* Abstract; page 1, line 1 - 
page 3, line 7; fig. 1; 
claim 1 * 

EP - A - 0 222 083 
(IBM) 

* Abstract; column 1, 

line 4 - column 3, line 17; 
fig. 1; claims 1,3 * 

EP - A - 0 343 792 
(NOKIA) 

* Abstract; column 1, 
lines 1-54; fig. 1; 
claims 1,2 * 

EP - A - 0 477 158 
(ERICSON) 

'* Abstract; column 1, 

line 3 - column 3 , line 54 ; 

fig. 1,2; claims l,7 f 17 * 



1,2 



1,2 



1,2,6 



1,2,6 



The present search report bms been drawn up lor all claims 



H 04 M 1/00 



TECHNICAL FIELDS 
SEARCHES 0«. <X6) 



H 04 M 
G 10 L 
H 03 H 
H 04 B 



P1*ot «f Mird 

VIENNA 



D«U W CMpktkM of the tnrx* 

30-06-1995 



BADICS 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant If talen aiont 

Y : particularly rW«vin( If cor* ■ id ed »ilh saotlier 

doc ■ men t of Ike time category 
A : techoolot*cal bacatrourW 
O : oon-written «*i (closure 
P : intermediate rfoctimcnl 



T : theory or prladpJc anderrykig ike I ■vent loo 
E : earlier patent tfocumeol, out published on, or 

after the filU{ «a(c 
D : cocumc«f dfee la the application 
L : 4 •current eked for other reasoas 



& : member of (lie sane patent faroily, cortcs ponding 
document 



9 



This Page Blank (uspto) 



